Abstract：The worldwide CPV(Concentrated Photo Voltaic) market has been increased rapidly due to the increase in large-scale PV(Photo Voltaic) plants which are situated in sun-rich areas with either a Mediterranean or equatorial-type climate. CPV systems are arguably some of the most important devices in the production of electricity within regions with a sun-rich climate, particularly those which benefit from abundant direct solar irradiation. We have developed a 500X CPV module with rated power of 170Wp. The CPV module must satisfy the constraint of having a sensitive tracking accuracy due to the limited tolerance of the acceptance angle in intrinsic optical design. In this study, the module's acceptance angle used was designed with a tolerance angle of ±1° in the secondary optics design. In general, non-concentrated module type 2-axis trackers have a tolerance angle larger than ±1° due to standard silicon-type modules which are insensitive to the tracking accuracy of the sun. They have a tolerance angle of ±2~4°, which fails to exert a significant influence on the performance of the module. This paper provides a study of an experimental variation of the efficiency of the CPV module in terms of its tracking accuracy. Also, the performance of the module is studied from the perspective of temperature and direct irradiation.
Introduction
Additionally, the relationship between tracking error and module efficiency was also checked. Through these procedures, the influence of tracking error of 2-axis tracker on the module performance was able to be investigated. An improvement in module efficiency can be realized by increasing the secondary optics tolerance angle and the exact tracking correction of the 2-axis tracker.
Background of Fresnel lens optics

Lens formula
The PV concentration system is largely divided into two categories: mirror type concentration systems and lens type concentration systems. In this paper, we deal with ray tracing simulation with a primary Fresnel lens and secondary truncated light 
If the incident light is polarized in the plane of (p-polarized),theRisgivenby [2] 
Total optical efficiency can be calculated from [6].
Lens test and simulation result
A sample Fresnel lens was developed with a focal length of 280mm. The sample Fresnel lens performance was tested in order to certify the optical efficiency of the lens.
Figure 2: Fresnel lens performance test
In outdoor testing, a higher performance was gained through using focal depths greater than 280mm. This could be due to the lens forming a tight focal spot in the centre of the cell and causing hot spotting. In this case, an increase in the focus distance leads to a more even light distribution across the cell and a resultant higher power output. This means that the optimal distance between the lens and the cell could be longer.
Nonetheless, the focal depth used in the design remains 280mm.
The focal depth is the distance to the optimum focal spot. The optimum distance to place the lens from the cell can differ from this depending on the setup and configuration of the system.
Previous analysis undertaken by the authors suggested that the optimal distance from the cell to the lens is in the region of 255mm. That is shorter than the design focal length. This could be explained by the nature of the light source used differing from that of the 'actual sun'. Most solar simulation sources cannot match the sun in terms of the spectrum average of degree of collimation, which thus tends to result in a different optimal distance from the lens to the cell. If a non-solar simulation source is used, the focal length will vary from that of the design length depending on how different the light source is.
In other research institution test setups [3] , an LED light source is used which in no way matches the solar spectrum. In such setups, the distance from the lens to the cell is sought to be optimized through a process of trial and error; the actual distance is thus ignored as irrelevant. Such testing is designed to understand the quality of the Fresnel lens structure, rather than its performance in real solar conditions.
By contrast, the assumptions used in this study
were that the secondary would have an acceptance area of between 15mm by 15mm and 20mm by 20mm. Accordingly, a lens was designed with the given focal length and a measurement was made of the level of light incident to this area at a 280mm focal length. These were the numbers provided in this study. This does not mean that the optimum distance between the lens and the cell would remain 280mm if the lens were to be used with a 1cm cell without a secondary.
Modelled performance at different focal lengths
The analysis below shows the effect of placing the lens at different distances from the cell. As can be seen, the total efficiency over the 15mm by 15mm cell area is optimised at 280mm as expected.
Nonetheless, a closer analysis of the spot spread reveals a more complex picture.
At a distance of 255mm, the focal spot is extremely large (over 25 mm), meaning that the efficiency is low.
At a distance of 270mm, the focal spot is about 12mm wide, as can be seen. Though not shown in the diagram, there is still some light lost, which means that efficiency is not optimised. However, as the light is spread more evenly across the cell, this configuration may produce a higher power output in a field test, given that there is less hot spotting.
Efficiency is maximized at a distance of 280mm
as the most light possible hits the cell.
Notwithstanding this, in real life the power output may be reduced due to the occurrence of hot spotting.
These figures all relate to a focal spot sized at 15mm by 15mm. Analysis was also redone with a 10mm by 10mm spot size, showing that efficiency loss increases more rapidly, the more the optimum focal depth is moved.
A second significant point to note is that it is not possible to replicate these results with an in-door set up as it is not possible to accurately simulate actual solar conditions.
Distributions at different positions
In this simulation, solar spectral weight was 
Conclusions
The results of this study are that 2-axis trackers The following papers shall turn to the issues raised in the experiments mentioned above and suggest ways of solving the tracking problems caused.
